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FUTURE PROSPECTS FOR GAMMA-RAV ASTRONOMY 
BY; Carl Fichtel 

NASA/Goddard Space Flight Center, Greenbelt, Maryland, U.S.A. 

0 

As Y"^ay astronomy moves from the discovery phase to the exploratory 
phjssh, the promise of y-ray astrophysics noted by theorists in the late 1940 *s 
and 1950 ’s is beginning to be realized, In the years to come, satellites 
should carry instruments which will have over an order of magnitude greater 

I 

sensitivity than those flown thus far, and, for at least Jome portions of the 


/ 

Y~ray energy range, these detectors will also have substantially improved 

0 

energy and angular resolution. The information to be obtained from these 
experiments should greatly enhance our knowledge of several astrophysical 
phenomena Including 1 the very energetic and nuclear processes associated with 
compact objects, astrophysical nucleosynthesis, solar particle acceleration, 
the chemical composition of the planets and other bodies of the solar system, 
the structure of our galaxy, the origin and dynamic pressure effects of the 
cosmic rays, high-energy particles and energetic processes in other galaxies 
especially active ones, and the degree of matter-antimatter symmetry of the 
universe. The Y~ray results of the forthcoming programs such as GAMMA-I, the 
Gamma Ray Observatory, the ’i-vay burst network. Solar Polar, and very high 
energy Y"tay telescopes on the ground will aUbst^ certainly provide justifi- 
cation for more sophisticated telescopes. These advanced instruments might be 
placed On the Space Platform currently under study by NASA. 

Qi 
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This raeettiig has provided an excellent opportunity to review and summarize 
the current status of Y~ray astrophysics from the loudest to the highest 
observed frequencies in the y^ray region of the electromagnetic spectrum. It 
has come at a very opportune time In that the results of the satellite and 
other experiments of the 1970' s which have formed the foundation for this 
field Cay now be examined before the major advances which should be 
forthcoming in the 1980's witlVoAMMA-li the planned Gamma Ray Observatory, o 
Improved high energy ground instruments, and other experiments to be carried 
on balloons, Spacelab, and other space vehicles. The interpretation and 
undershending of the existing n^aults is being aided by the substantial 
theoretical work that has already been performed In this field. Theorists 
have been stimulated to examine processes involvinR y-rays in astrophysics, 

since these photons permit the direct study of the largest transfers of energy 

\\ 

occurring in astrophysical processes. These include rap id) expansion processes, 
explosions, high'^enetgy particle acceleration, gravitational accretion onto 
superdense objects, the fundamental processes of the building of the elements, 
and even patticle-antipartlcle annihilation should antimatter by sufficiently 
abundant anywhere. 

Another attractive feature of y-*ray astronomy is that the Universe is 
largely transparent to y-rays» They can reach the solar system f^om the 
galactic center, distant parts of the Universe, and dense regions near the 
centers of active galaxies, regions which=^edhndt viewed in the optical or 
low-energy X-ray region. This remarkable window extends from a few times 10^ 
eV, below which it begins to close slowly as the energy decreases, to 10^^ eV 
at which point ^^he», t begins a one to two decade region in energy wherein y-ray 
interactions with the hlack-body radiation are important. , 




■f 

The high etihrgy Y"ray telescopes carried on SAS-2 (e.g. FlchteX et al . 

1975 and Mgnami, tlchtel, Hartman, and Thompson 1979) and COS-B (e.gt Mayer*^ 
Uasselwander et al. 1979 and Wills et al, 1980) took high energy y~ray 
astronomy from the discovery phase to the exploratory phase providing a 
general picture of t|ie galactic plane in Y“~rays identifying sources and 
general structure, the general character of the extragalactic diffuse 
radiation, and the first results for Y“*ray emission from a quasar. Solar 
nuclear Y~ray lines have been detected, by Chupp at al . (1973) from the large 
solar flares of August 4 and 7, 1972 with an instrument flown on OSO-7 and 
more recently with the Sf-lbl satellite from three other flares (Chupp 1980) .* 
Successful measurements of Y~ray emissions from the Moon, Mars^^lM Venus have 


bean earrlnd nut during botli Uni £04 States and Soviet spaceflight miBaioiS», 


Also, in the low energy Y~ray region of the spectrum, there has been the 
discovery of the low energy Y~ray bursts (Klebesadel, Strong, and Olsen 
1973). Th^ nature of these Y“*ray burst sources remains a pussle. In the very 
high energy region of the Y~ray spectrum, ground based Cerenkov light 

O 

reflector telescopes have good evidence of Y“ray emission from the Crab Nebula 
pulsar 0531+21 (Helmken, Grindlay, and Heeke^; 1975 and Qupta et al. 1978), ({he 
Vela pulsar PSR 0833-45 (Bhat et al. 1980), Gygnus X-3 (Vladiminsky et al . 
1975), and Centaurius A (Grindlay et al . 1975) above 10^^ eV. 

These astronomical Y“ray observations and the many others obtained during 
the last decade or more give us a more certain basis for considering the 
possible results which may be forthcoming during the I980's and the impact 
that they may have on astrophysics than existed a decade ago whan one had only 
the uncertain predictions of the theorists and a few early results. Theo 
synergistic nature of astrophysics strongly suggest that the anticipated Y“tay 
results will have a major/impact on all of the other astronoralcffa disciplines 


from the radio to the X-ray realm. Thta impact should be particularly strong 
In view oi^th® unique nature of lo their direct relationship to the 

high energy processes of the Univeri®. 

In the next section, soma of the scientific returns that might be expected 
from the larger improved Y~t*y Instruments of the forthcoming decade will be 
considered. I’his discussion will be followed by a consideration of the 
telescopes and missions that are anticipated during the forthcoming decade and 
what they may achieve. 

2, TOE S0IE^yXPI(( POfBNTlAt, OF GAMMA RAY AbYRQiniVSXGS 

Ihe potential foe y*W astronomy is high in the, study of our solar 
system, our galaxy, and the objeots in it, and the radiation coming from 
beyond our galaxy. In each case, specific areas of major anticipated / 

advancement can be identified. However, it should also be rememharad that 
advances in astronomical instrument! in the past have brought unexpected 
discoveries. Whereas, It cannot be predicted what they will he, it seems very 
likely that many surprises are ahead for Y~ray astronomy both because it is a 
young field and because it is so directly related tp nuclear^ phenomena, high 

energy particle physics, and very energetic phenomena. 

0 
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(a) Tlie Solar System 

It has often been noted thab the proximity of the sun makes it of great 
astrophyslcal Interest because it is a star that can be studied in greet 
detail. One of the specific objectives of solar Y“tay astronomy is the study 
of the high energy processes that occur in the outer region of the Sun'^s 
atmosphere and the relationship of these phenomena to the basic problems of 
solar activity. A measurement of the intensities of discrete Y-ray line 


ewlaslons will tovaal the detaHed dynainlca and tim® atrnctur® of aolat flaraa 
and anatgatic particl® accalaraelon. Purthat, such data should yiald 
qualitativa, and Itv soma cases quantitative, information on the composition of 
apeciSic ambient or transient nuclides in the outer regions of the Sun's 
atmosphere* 

An Important aspect of the origin and evolution of the solar system is the 
determination of the chemical composition of the surfaces of the planets, 
moons, coamts, and asteroids* Heaaurements of discrete line X-ray and y-ray 
emission from condensed bodies in space can be used to obtain both qualitative 
and quantitative elemental composition information* During the Apollo 15 and 
Apolln lb flights in 1971 and 1972, approximately 20 percent of the lunar 
surface was mapped for magnesium, aiuminum, thorium, potassium, uranium, 
silicon, ctitantlum, and oxygen (Metisger et al» 1973} Adler et al, 1972} 
BJorkholta at al . 1973). A Y~ray spectrometer aboard the Soviet Mars-S orblter 
obtained several hours of data, from an altitude of about 2300 kra, indicating 
that the average potassium, uranium, and thorium content of the regions 
surveyed corresponds to that of tarrestrlal rocks like oceanic basalts (Surkov 
et al . 197b). Three Soviet spacecraft, Venera 8, 9, and 10 havib carried a 
y-ray spectrometer to measure potassium, uranium, and thorium, at the surface 
of Venus by detecting thorium decay of these naturally radioactive elements 
(Surkov 1977). Direct coraparisons of the results obtained from the lunar 
samples collected during the Apollo program show that this “chemistry at a 
distance’' approach leads to quite reliable results* 

(b) The Galaxy 

<V '1/ 

The existing knowledge on both the diffuse emlss/fon and source emission 
from galactic sources suggest that the next steps In galactic y-ray astronomy 
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way be particularly rewarding. K number of high-energy y-ray galactic point 
sources have been established , and there have been over two-doaen localized 
excesses identified by COS-B (Wills et al. 1980). Many of the latter can 
reasonably be expected to be point sources, and, therefore, instrumenta to be 
fXowit In the future with greater sensitivity and angular resolution should 
reap a significant crop of y-ray pw:*nt By measuring their 

properties, the nature of the mechanisms capable of generating 10^^ to over 
lO^b g-l fot sources such as fSR 0531+21, PSR 0832-45, and Cygnus X-3 
(e.g. Kniffen et al. 1974; Bennet et al. 1977| Thompson, et al. 1977; bamb et 
al * 1977) in the form of high energy y-rays can be determined. In the next 
decade, there should be the chance of studying neutron stars, black hole^, 
pulsars, and supernovae in the y-ray region where the high energy processes 
associated with these objects should very likely be most clearly revealed, o 
The detailed study of the gamma ray pulse profile and the variation of the 
gamma ray spectijuni with pulse phase should contribute to the understanding of 
particle acfieleration and interaction in the magnetosphere of rotating neutron 
stars. 


As another example, there are now thought to be several ways that the 
presence of a black hole might be revealed, and much of the predicted 
radiation falls in the range of y-rays. In addition to several different 
predictions of continuous y-radiatlon from a black hole, there is also the 
prediction of a very uniciue y-ray burst at the death of a small black hole; 
some of these bursts should be detectable with a large high energy y-ray 
instrument. 


Further, there is the possibility based on theoretical calculations ^f the 

O O 

observation of y-ray lines particularly perhaps from supernovae and, hence, 
the establishment of the sites of nucleosynthesis. Various theories have also 
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predlctM lines, mosfc commonly Che half MeV line from electron-pooicron 
annihilation, from\compact objects* 

The hlsh energy diffuca radiation from the galactic plane resulting from 
the interaction of the cosmic rays with Interstellar matter and photons 
provides the opportunity to study the forces of change in the Galany, the 
origin and expansion of the cosmic-ray gas, and the galactic structure 
including galactic arms and molecular clouds. Improved angular resolution and 
sensitivity compared to that which has been achieved thus far in apace are 
required to study the spatial distribution, and batter energy resolution la 
needed to understand more clearly which mechanisms are dominate for the origin 
of the high Y’-radiation. In addition to the diffuse Y~ray continuum existing 
in our g 

intergi^0cttc medium* These lines may be created in several of the following 
ways! (1) The interaction of low-energy cosmic rays with both interstellar 
gas and dust grains, (ii) the annihilation of positrons, which have been 
slowed down, with Interstellar electrons, and (lil) the decay of nuclei which 
in turn emit Y^rays. These are Interesting possibilities for the I960' a. 

The origin of the low energy Y"ray bursts is unknown, as noted, but they 
wlil be included here in the discussion of the Galaxy to make certain they are 
discussed and to conform with the more conservative current theories. In 
order to solve the mystery of the nature of the low energy Y^ray bursts, their 
locations must be established. With the exception of the March 5, 1979 event 
(Barat et al . 1979 j Cline et al. 1980j Evans et ^al . 1980) which seems unique 
In many respects, no knosm X-ray or fray "steady" sources are included in the 
few well known positions, nor any other known example of exceptional classes 
of astronomical objects, such as a pulsar or hew supernova. It will be 
important to locate a large number of Y~ray bursts accurately over the next 
decade if progress is to be made in understanding these bursts. 


it is possible for distinct Y~tay lines to be formed in the 
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Cc) ExtruRalactic Rudiatldn 

Several types of galaxies such as Bt hacteral objects i Seyfert galaxies, 
and quasars emit move energy by orders of magnitude than our own galaxy or 
other galaxies almllar to it. The mere existence of these very energetic 
galaxies together with their proposed explanations seem inevitably to suggest 
very high energy phenomena, Implying that y^'^ay astronomy should ultimately 
raalce a very important contribution to the understanding of the nature of these 
galaxies. Since y-ray astronomy has now moved below the threshold for 

detection of external galaxies with the observation of NflC 4131, 3C 273, and 

/ 

CEN-A, the next generation of experiments should provide M excellent 
opportunity to study the high energy aspects of these extraordinary 
galaxlesi further. Straightforward calculations based on the emission from 


our own galaxy show that about a half dozen normal galaxies should be 
detectable with y-ray instruments an order oi) magnitude more sensitive than 
those already flown. 

fj 

A diffuse celestial radiation, which is isotropic at least on a coarse 
scale, has been measured from the soft X-ray region to about 150 MeV, at which 
energy the intensity falls below that of the galactic emission for most 
galactic latitudes. The spectral shape, the intensity, and the established 
degree of Isotropy (although data related to this latter property is very 

Vl 

limited) already place severe constraints on the possible explanations for (; 
this radiation. For example, these considerations make a galactic halo model 
interpretation very unlikely. 

Among the extragalactic theories for this radiation, the more promising 

o 

explanations appear to be radiation from exceptional galaxies (e.g., Strong, 
Wolfendale, and Worrall 1976; Blgnami, Flchtel, Hartman, and Thompson 1979) or 
the y-ray emission (Stacker, Morgan, Bredekamp 1971| Stecker 1978) from 


And nntimatt:er, in baryoti^syiaaeirln i>tg bang modait (Kar^taon I9b7 
Omtits 1969; Bi*own and Stackac 1979) » Deflnltlva tteatuc’ananta wbiclf could 



inteceat. Tim meaauteraanti on Che dlffuai Y-^^adiatlon may» for oxaaple, be 
Che only way co decerwine if ch# Universe has baryon-antibnryon iyametry. 


3, THE MISSION PROSPECTS FOR TEE 1980 *S 


A aigniftcanC portion of dm hopes for Y-rny astronomy in the 1980' s are 
tied to the Gamma Ray Observatory proposed by NASA for an FT81 new start*. 
Other satellite missions devoted to y-i:ay astronomy or carrying Y~f«y 
instruments include GAMMA-I, the pair of Solar Polar satellites, the Vi*^S,era 
aeries, possible planetary and coraetary missions, other sacellltea carrying 
burst detectors, and possibly an ady^ced solar observatory and the Spaco 
Platform later in the decade. It is also hoped that there will be improved 
ground level telescopes for the very high energy Y"rays. 


(a) GAMMA I 

The next Y"ray satellite expected to fly is GAMMA I, which is a joint 
effort of four Soviet and two French laboratories and is to be launched in the 
early I980's on a Soviet satellite. It is similar to SAS-2 and COS-B in the 
sense that its central element is a multilayer spark chamber system, triggered 
by a directional counter telescope, and surrounded on the upper end by an 
anticoincidence system. The sensitive area is about 1600 cm^ or about 2 2/3 
times SAS-2 or GOS-Bj the area solid angle factor Is about the same because 

o (/ 

the viewing angle is smaller. It has an energy-measuring calorimeter which 
should be able to measure energies with sigrdficantly better accuracy Ithan the 




Ilo ( 

, 10 

«necgy*'m<}a8uring «l«n«nt on COS’-Bt The arrival diracclon will alto bo 

mea?jurad with grtater aecuracy. Tho upper spark «iiy«bor ifStoM It a twelvt- 
level wide gap Vidicon aytram* the direeeionality of Che electrons ie 
decertnlned by a Cime-of-flight aystem rather than a d it **Gtional Cerenkov 
counter* tlie clffle-of-f light system approach to the directional measurement, 
which will also be used in the high-energy Y“ray teldscope to be flown on the 
GRO, has proved to be an order of magnitude more efficient in rejecting 
undesired events than th® previousl:^) used directional Cerenkov systems. 

Because of the space iel^ulred, it could not have been incorporated in the 
earlier missions* even if the low power spaceflight quality eiectronics had 
been developed • 

The improved Bensltivlfy y-ray directional accuracy should allow 
better definition of the cha/actMlstics of the galactic plane and provide 

observed, as well ad po88lb|y adding to the number of lobserved extragalactlc 
sources. | 

(b)\ Gamma Ray Observatory 

The Gamma Ray Observatory is a mission planned by NASA for a new start in 
1981, if approved, and a launch in the raid-1980’ s. There would be several 
large y-ray experiments which together would study six decades of energy 
ranging from 0*03 MeV to 3x10^ MeV, with a major Increase in sensitivity over 
previous satellite experiments. The scientific goals of this mission can be 
summarized as follows! 

1. A study of the dynamic, evolutionary forces in compact objects such 
as neutron stars and black holes, as well as y-ray emitting objects 
whose nature is yet to be understood. 

ii. A search for evidence of nucleosynthesis - the fundamental building 
process in nature - particularly in the environment of supetnovae. 
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lil. Th« ixplotatAon of our gilax/ In fcht y-tay range psrcloulerly with 
regard to regione difficult to obaerve at other wavelengthai the 
origin Md dynamic preaaure effects of the cosmic rayst and 
structural features particularly related to hlgh-inergy particles. 

Iv. The study of the nature of other galaxlog In the hlgh*energy realm 
and especially the extraordinary ones sucih as radio galaxies, 

Seyfett galaxies, and QSO'a. 

V. The study of cosinologlcal affects throug^fl the detailed examination 
of the diffuse radiation and the search for primordial black hole 
amission. 

These scientific goals necessarily require a set of large individual 
experiments since several instruments are required to cover the entire energy 
range and all must have a significant increase in slse over earlier satellite 
experiments to achieve the desired Increase in sen6ltl\^lty. It is advanta- 
geous to combine the required instruments into one mission not only because 
they place similar requirements on a spacecraft, but also because of the very 
great scientific value of studying the entire spectrum of any object at the 
same time to examine In detail the nature of time variations. 

The combined compliment of instruments to be incorporated into the Gamma 
Ray Observatory is expected to have the capability to carry out tjje following*. 


r 



i, A survey of high energy yray sources and diffuse emission with a 
polnt-sourcie sensitivity of 10“' photon cra“^ sec”^ or better, 
angular resolution of about 0,1“ for strong sources, and energy 
resolution around 15“ at energies above “10^ MeV. 

il. A survey of Y~ray sources and diffuse emission with sensltivlcles 
around 10“^ phdton cm”^ sec“^ and energy resolution around 10 
precent at energies between O.l and 30 MeV. 

Hi. Detection and identification of nuclear gamma lines with an energy i 

resolution of <0.4 percent and sensitivity of the order of 5x10“' 
photon cm”^ sec“^. The initial subjects of observation will be the 
interstellar medium and supernova shells. 

Iv. Observations of yray bursts, including studies of their spectral ► 

and temporal behavior. 

The technology to tuild the appropriate instruments exists, and a set of 


instruments has already been selected for the study phase by NASA. 



Mchough the specific spacecrsft for the GRQ has not yet been selected) 
its cApebllities «re dictated by the mission scientific requirements, the 
spacecraft must be capal^l'i of accomnodating approximately 6500 kilograms of 
instruments and must supply about 400 watts of experiment power. The 32: 
kilobit data rate will be supported through NASA's Tracking and Data Relay 
Satellite System. Celestial pointing to any location on the sky will be 
maintained to an accurrcy of 0.5* with the knowledge of the pointing direction 
determined to an accuracy of two arc minutes. Absolute time will be accurate 
to 0.1 milliseconds. The attitude and timing data together with orbital 
position will be encoded into the telemetry data, 

(c) Gamma Ray Burst Detectora 

The two Solar Polar mlssiop& of ESA and NASA to be launched In the rold- 
1980's when combined with the satellites close to the Earth) including ORO) 
will provide a powerful long baseline network for the accurate location of the 
low energy y-ray bursts. The Venera aeriJS and possible planetary, cometary, 
or astroid satellites can contribute to this network in an important way. The 
long baselines available in this network together with the already existing 
accurate timing should provide substantially improved position determinations, 
which should clearly identify the objects from which these hursts come if they 
are in fact clearly seen at other wavelengths. 

In addition to the excellent positional determination to be obtained by 
this network, the presently planned GRO burst detector will be able to observe 

■! ■ V. 

time vitiations down to 0,1 ms for strong sources and to detect spectral 
variations on relatively short time scales. These observations will allow the 
study of models of emission mechanisms and source geometry in detail. For 
example, models based on radioactive decay, cooling of a hot plasma, and 
synchrotron emission follpwlng sudden injections of relativistic electrons 
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into a 3 tr(jng magnetic field would each predict different spectral variations 
during a burst. The GRO Instrument will also contribute in another way. The 
detectors on interplanetary spacecraft are, of necessity, small and relatively 
insensitive. As a result, only the strongest bursts can be located by the 

network being discussed. However, numerous additional bursts that are too 

0 ({, 

' c;- 

weak to be detected by the Interplanetary network will be detectable with the 
large area monitors aboard GRO. Their positions may be determined to about 
one degree or better by comparing the responses of individual detectors 
pointed in different directions. The detection of hundreds of ’^-xay bursts in 
the two year lifetime of GRO will allow an accurate determination of the 
distribution of these sources. - 

(dj ' Solar" Systeni Studies 

o 

Although several solar, planetary, and cometary ml^isions have been 
discussed, the two Solar Polar satellites are currently the only ones approved 

in the NASA and ESA programs beyond those already in space. Each will carry a 

/•> 

j scintillation detector to measure the time history of solar y-rdys and four- 
channel energy resolution in the range from 15 to 150 keV. The energy 
spectral informatlot^ 5 ?rlll be obtained every 12 seconds. The results should 
aid markedly in the study of the fundamental nature of the acceleration, 
storage, and escape processes of energetic electrons in solar flares. In 
additfonv^^he possibility of an Advanced Solar Observatory is being 

idered, and it would hopefully include a discrete fray line detector, 
which would augment the results currently coming from the Solar Maximum 
Mission. 

t) f ^ 

(e) Very High Energies 

As mentioned earlier, at extremely high energies (above about lO^ MeV), 
photons can be detected by instruments at sea leyel which record the Cerenkov 
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light ptodutiad Iti th® atioaphere from a Rorlos of Intoractlons initiated by a 
aingli incident y These telescopes are able to scan a region of the sky 

" ’■"X 

where a source is suspectedi and make an attempt to detect a directional 

anisotropy among the air showers which is statisticially significant. Several 

techniques have been used to enhance the sensitivity primarily by improving 

the signal to noise ratit^ (Porter and Weeks 1977), and others may be 

implemented in the future at a relatively modest cost. A technique using two 

parallel large reflectors, each equipped with multiple detector channels to 

provide two images of the shower in Cerenkov light, appears to be one of theO 

more promising approaches for the future (Weekes and Turver 1977). 

The search for additional ver| high energy y-ray sources and the 

measurement of their properties including the time history and at least some 

spectral information is of fundamental importance in understanding the 

n 

processes in nature which can Xead to 10^ eV y rays. Their were existence 
has been a surprise to some astrophysicists. 

(f) Space Platform 

Current NASA concepts for the Space Platform envision free-flying 

o 

structures, designed for lifetimes of at least a decade, consisting of a 
central module (containing control-moment gyroscopes and communications 
equipment) attached to a substantial solar-power unit. Appropriate docking 
fixtures would permit the simple attachment of a number of pallets 
functionally similar to, if not identical to, those used for Spacelab 
experiments. Platform extension arms would be used to reduce interference 

o 

between experiments, most of which would carry their own pointing systems for 
the requisite precision* Shuttle flights, most scheduled for other reasons, 


i 


) 

j 
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would be able to visit the platform several times a year tP raprovislon 
expendable materials} provide repair o^^replacement of experimental hardware} 
and boost the platform to higher orbit as neeessary. Typir»^ly a large 
ivvatrument could be brought to the space platform} operate there fOr the order 
of six months } and then be retrieved. 

Whereas this program is not approved, being only in the study phase, 
there clearly exist areas of space astrPnomy with reciulraments for long, low* 
cost exposures of large payloads for which accessibility for replenishment of 
expendable materials, repair or replacement of components, ai\d return to Earth 
for reconfiguration is very desirable if not required. Gamma ray astronomy 
will be among these areas of space astronomy j With the Y"ray sky surveyed in 

O (I 

some depth with the GRO, for example, it will be possible to covicentrate on 
thP detailed features of discrete sources and to study carefully limited 
regions such as clouds, galactic arms, and nearby galaxies. I'ho character of 
the expansion forces, high-energy processes, nucleosynthesis, m\d cosmic 
relativistic particles should theix he revealed in fine detail, I’he full 
solution of problems related to galactic dynamics, compact objects, 
aupernovae, and the nature of radio galaxies quasars, and other truly 
exceptional objects will be accomplished by combining these unique y-ray 
astronomy results with information from other wavelengths. 

Thus subsequent to the GRO, a very large high-energy telescope will be 
needed that will concentrate for long periods of tiam on particular sources 
and limited regions of the sky of special interest. This is necessary to 
accumulate the statistical volume of data required to resolve spatial and 
spectral features of the sources in great detail and to study temporal 
variations continuously over periods adequate to decipher complex dynamic 
behavior, k large high-resolution nuclear y-ray spectrometer will also he 
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foi‘ in-d«ptU study of tha y-my Uuai from such ptocoaaaa as 
radioactivity in auparnova ramnants* poaltroft aimlhiXation Itv tha galactic 
disk or axtragalactlc lutai*actlov\a, lowar-anargy eoanvlc rays paailng through 
dan«® isvattar, aud nuelaosynthasla in vtolant avanta in distant gtlasiaa, In 
view of tha major potantial of yray aatropomy for contrihutlons to a wida 

f ^ " " 

ranga of aairophyaieai problems and tha ul t n®od for even more aenaitiye 
I” inatrumenta of improved angular and energy resolution, tha davalopment of new 
/ and Improved detector aystams should be a key part of tha y-ray astronomy 

*• - 

program over the nest decade* 


SUMMRf . ^ 

Celestial y-rays have now been aeen from the eun, the moon and planets, 
compact objects, the Interstellar medium, and active galasles* Also detected 
has been a diffuse radiation of possible, eseeptlontl cosmological 
significance, low energy y-ray bursts of unknown origin, and a high energy y- 
ray source with no obvious counterpart at other wavelengths* Still y-ray 
astrotxonty is a young, growing science* and the potential for fundamental 
contributions to astronomy and astrophysics in the near future is very 
large. With the study of cosmic r~rays, the foreos of change, the formative 
process in the Galaxy and Interstellar clovid®, rapid expansion processes^ 
explosions, the largest energy trans-fera, very high energy particle 
acceleration, and even the fundamental process of the creation of elements are 
all directly axamlntd* If the mission opportunities that have been discussed 

here come into being, the results that will he obtained, particularly in 

( 

combination with those from other areas of astronomy, will prpyid® an entirely 
new look at our solar system, the Galaxy, and the Universe, giving much hotter 
insight in^b their creation and evolution than is currently available, 
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